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BIOLOGICAL BULLETIN. 


ABNORMALITIES IN THE CESTODE MONIEZIA 
EXPANSA. IIL. 


( Continued.) 


3. ORIGIN OF THE ABNORMALITIES. 

The preceding description has rendered it evident that the pro- 
cess of proglottid-formation begins deep within the body and only 
gradually becomes visible on the surface. The external features 
of the proglottids, their contours and the furrows which appear 
between them are only indications of the localized growth that 
has taken place within the body. Since the primary region of 
proglottid-formation is the central parenchyma, and the process 
extends only secondarily to the peripheral parenchyma, it is the- 
oretically possible that a proglottid might be formed in the cen- 
tral parenchyma without becoming visible on the surface as an 
area of localized growth bounded by furrows. There is some 
evidence that such a condition occasionally exists. Its discussion 
is postponed to a later section of this paper. In general, how- 
ever, the furrows and their external features are simply the visible 
signs of internal processes of certain kinds and intensities. This 
being the case, variations in form and structure of the proglottid 
are the consequence of variation in the formative processes. 


(a) Variation in Form of Proglottids. 

The division of the variations into two groups, non-spiral and 
spiral variations, which was adopted in Parts I. and II., is retained 
here for convenience. The imperfect or partial proglottids are 
considered first as showing the simpler forms of variation. A 
study of the abnormalities of this group shows very clearly that 
all are simply incompletely developed proglottids, either fused 
with others or separated from them by furrows. 
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Part I. (Child, ’00) was devoted to the description of cases of 
this kind and the Figs. 2-23 show a large variety. Bearing in 
mind the method of formation of each proglottid from the two 
distinct lateral groups of nuclei in the central parenchyma, 7. ¢., 
from two separate right and left halves which later become 
united, it is not difficult to understand how the conditions repre- 
sented in Figs. 2-23 have arisen. 

The cases which differ least from the normal form are those in 
which the furrows between two proglottids are interrupted at some 
point or points (¢. g., Figs. 11, 12, 13,15, 16, etc., Part I.). In 
these cases the proglottids arose in nearly the normal manner. 
The growth of the two, however, has not been sufficiently dis- 
tinctly localized to cause the appearance of complete furrows. 
The various degrees of fusion are indicated in each case by the 
extent and distinctness of the furrows and the condition of the 
genital organs. The furrows on the two surfaces of the body 
may or may not correspond in cases of this kind, 7. ¢., the growth 
may be more distinctly localized on one surface than on the other 
or may be alike on both. 

In all of the cases just noted, right and left halves of each pro- 
glottid are present, and each must have been represented origi- 
nally by a more or less distinct group of nuclei. In other cases 
only the right or left half or smaller fractional portion of the pro- 
glottid appears, the remainder not being represented. Such 
variations are clearly the consequence of the formation and 
growth of a proglottidal anlage on one side of the neck-region only, 
no corresponding group appearing on the opposite side (Fig. 18, 
Pt. I.), or else there are two small groups on one side correspond- 
ing to one larger group on the other (Fig. 9, Pt. I.). Whether 
the partial proglottid is entirely distinct (Fig. 18, Pt. I.) or united 
with a whole proglottid (Fig. 9, Pt. I.), depends probably upon 
the time of its formation. If two anlagen are found on one side 
of the body at the same time that one appears on the opposite 
side, the two of the one side are likely to become connected with 
the one of the other, thus producing what appears to be a partial 
division of the proglottid in the transverse plane (e. g., Figs. 9, 
10, etc., Pt. I.). If, however, an anlage appears on one side with- 
out any corresponding to it on the opposite side, a partial pro- 
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glottid wholly separated from all others by furrows will probably 
be formed (e. g., Fig. 18, Pt. I.). These variations consisting of 
half-proglottids or smaller fractional portions cannot be sharply 
separated from the preceding group in which both halves are 
present, but imperfectly defined. As is evident from the figures, 
all gradations occur. The one extreme approaching the normal 
condition consists of two or more well-defined proglottids with 
scarcely interrupted furrows (e. g., Fig. 12, Pt. I). In many 
other cases both halves of each proglottid are present, as indi- 
cated by the genital organs, but those of one side, right or left, 
are not sufficiently distinct to cause the appearance of normal 
furrows (e. g., Figs. 11 and 16, Pt. I.). In most of these cases 
one of the imperfectly separated halves is reduced, the reduced 
portion being always the anterior, 7 ¢., the later in time of 
formation (Figs. 10 6, 16, 17, 19, 21, 22 ¢ and d, Pt. I1.). The op- 
posite extreme is reached in those cases where the proglottid 
appears only on one side of the body, not being represented in 
any way on the opposite side (Figs. 9 and 18, etc., Pt. I.). 

It should be noted that all imperfect or partial proglottids 
occur either in the right or left half of the body or in both, never 
in the middle region only. This fact must be interpreted as indi- 
cating that they are the result of imperfect development either 
of the right or left proglottidal anlage or of both. If the normal 
proglottid were formed by simultaneous differentiation and growth 
all the way across the body, there seems to be no good reason 
why abnormalities should not appear near the median line without 
reaching the lateral margins as often as they occur in the right 
or left side. Each proglottid arises, however, from two distinct 
anlagen placed laterally in the central parenchyma and these 
unite secondarily at the median plane. Therefore the conditions 
near the median plane must depend upon the development and 
growth in lateral regions. On the other hand it will be observed 
that none of the variations are confined to the extreme margin of 
the body. All include the region which was occupied by the 
group of nuclei at the time of proglottid-formation. In the 
figures this region lies slightly lateral to the ovaries. 

It is evident that all the facts concerning position, form, extent, 
and distinctness of the imperfect and partial proglottids harmonize 
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with and confirm the observations discussed above, on the devel- 
opment of the normal proglottid. 

The examination of imperfect or partial proglottids in the light 
of the facts gained from the study of normal proglottid-develop- 
ment leads to the following conclusions ; the right and left halves 
of the proglottid pass through at least the early stages of their 
development independently ; either or both may remain incom- 
pletely developed, as regards size, form, or distinctness, or only 
certain parts of one or both may develop, or finally one may be 
wholly absent. All imperfect and impartial proglottids are the 
result of such incomplete development, and in their manifold 
forms illustrate a great number of different combinations of the 
various factors concerned. 

A very early stage of abnormal proglottid-formation is illus- 
trated in Fig. 57. The dotted lines drawn through the figure 
indicate approximately the boundaries of an abnormal region. 
On the left side two half-proglottids are forming, and correspond- 
ing to these on the right is only one. In this case the growth is 
almost wholly confined to the central parenchyma, so that fur- 
rows on the surface are not yet present. Yet I think that there 
can be no doubt that this region represents an early stage of a 
condition similar to that shown in Fig. 9, forexample. On the 
other hand, the account of proglottid development has rendered 
it evident that the zones of nuclei represented in Fig. 57 develop 
from the lateral groups of early stages. This case forms in some 
respects a connecting link between the observations upon normal 
proglottid-development and the facts gained from the study of 
older, well-developed abnormalities. It is the only case of abnor- 
mal form observed at so early a stage. 

The spiral modifications of form were described in Part II. 
(Child, ’00) and include Figs. 24-37. The simplest form of 
spiral is such as appears in Figs. 24, 25 4 and 26 (Fig. 26 is 
reproduced as Fig. 72), viz., a single half or fractional proglottid 
united on one surface with the proglottid posterior to it, or sepa- 
rated by a furrow as in Fig. 24, and on the other surface with 
the proglottid anterior to it. 

It is of course evident that such a short spiral differs only 
slightly from a fractional proglottid of the sort which is shown in 
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Fig. g (Pt. I.) for instance, the only difference being that in case 
of a spiral the fractional proglottid unites with different pro- 
glottids on the two sides of the body. It appears probable that 
in such cases a slight difference in time of formation of the 
dorsal and ventral portions of the proglottid is the cause of the 
spiral condition. As was pointed out above, the relation of partial 


proglottids to the proglottids posterior or anterior to them probably 
depends largely, if not wholly on the time of their formation. Ifa 
partial proglottid is formed at the same time as the next posterior 
proglottid, z. ¢., a little before normal time, the two will probably 
be incompletely separated. If the formation of the partial pro- 
glottid is retarded slightly it will probably become united with the 
proglottid anterior to it. And lastly, ifthe time of formation of the 
partial proglottid does not correspond to that of any other it will 
probably be distinct from all others. Applying the same con- 
clusions to the spiral partial proglottids (¢. g., Fig. 72) it appears 
probable that one side of the partial proglottid the dorsal (upper) 
side of 4 in the figure is formed at about the same time as the 
proglottid posterior to it, whereas the ventral (lower) side corre- 
sponds in time of formation with c and so becomes united with it. 
Recalling the method of formation of the proglottid, it is easy to 
see that such differences in time of development of different parts 
are at least theoretically possible. The localization of growth, 
which is the essential feature of proglottid-formation, may for some 
unknown reason appear somewhat earlier on one side than on the 
other, just as it appears earlier in the lateral than in the median 
regions of the central parenchyma. 

If now the dorsal and ventral sides of a series of anlagen on 
either the right or left side of the body show similar differences 
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in time of development, a series of spirals may be formed such as 
appears in Fig. 35 (Pt. II.). If the development of the dorsal 
and ventral portions of both right and left anlagen is accelerated or 
retarded the parts show normal relations to adjacent proglottids. 

In some cases a form of spiral somewhat different from that 
just described is produced; in this the furrows on one surface of 
the body bend either anteriorly or posteriorly near the right or 
left margin and so unite with other than the furrows correspond- 
ing in position on the opposite surface. 


The only well-developed case of this kind was shown in Fig. 
36 (Part II.). Another case approaching this condition was shown 
in Fig. 37. These two figures are reproduced here as Figs. 73 
and 74. Both are viewed from the dorsal surface. It is evident 
from the figures that the growth is incomplete in the region 
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where the furrows bend. In Fig. 73 the curved portions of the 
furrows near the right margin of the ventral surface are less dis- 
tinct than the other portions, ¢. ¢., growth has been less all along 
this region of the body. The appearance of the spiral arrange- 
ment is connected with the condition of imperfect development. 
The proglottid a, Fig. 73, being the most posterior of the series, 
t. ¢., the first formed, is the starting point of the abnormal ar- 
rangement. In this proglottid the anterior part of the right ven- 
tral region shows a progressive reduction in size with approach 
to the margin. Now if the same region in each of the following 
proglottids shows the same imperfect form the anterior boundary 


ng cP ATRL 
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will in each case form a curve instead of extending straight to the 
margin. But the anterior boundary of one proglottid is the pos- 
terior boundary of the next anterior; thus the area which would 
normally be included in @ becomes the part of 4, etc. The in- 
distinctness of the curved portion of the furrow is due to the ab- 
sence of the fold which normally arises at the posterior border of 
each proglottid. In the regions where the boundary between the 
proglottids is transverse the fold and inter-proglottidal glands are 
developed as usual. 

In Fig. 74 there is a close approximation to a spiral as the re- 
sult of incomplete formation of the proglottids. The curve at 
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the left end of each of the dorsal furrows is clearly due to a pro- 
gressive reduction and final cessation of proglottidal growth in 
the region under consideration. 

It is the left posterior dorsal portion of each proglottid which 
has failed to develop fully in this case, while in Fig. 73 it was the 
right anterior ventral portion. If development in Fig. 74 were 
complete enough to cause the formation of furrows all the way 
to the margin a spiral would be formed opposite in direction to 
that in Fig. 73, simply because of the difference in position and 
relations of the imperfectly developed regions. But the furrows 
on the dorsal surface curve to such an extent that they do not 
reach the margin at all. On the ventral surface there is no re- 
duction of the proglottids, but they are not differentiated at the 
extreme margin. Consequently the left margin of the region 
6-c-d is not divided into proglottidal regions. 

A knowledge of the arrangement of the transverse nerve-com- 
missures in regions of spiral variations of this kind would be most 
interesting and valuable. 

The spiral variations afford further illustrations of the inde- 
pendence of the right and left proglottidal anlagen. In general, 
the spirals are due to some irregularity in time of growth and 
differentiation of parts, or to incomplete growth in either the right 
or left half of the body. A variation of this kind having appeared 
in a single proglottid shows a certain tendency to reappear on the 
same side in a number of proglottids (e. g., Figs. 73 and 74). 

The condition and development of the furrows cannot be re- 
garded as an exact indication of the conditions in the proglottids 
which they bound, though a study of the arrangement of the 
reproductive organs in the abnormal proglottids shows that the 
furrows do indicate very closely the degree of development or 
distinctness attained. 


But since the earliest stages in proglottid-formation occur only 
in the central parenchyma, the formation of inter-proglottidal fur- 
rows on the surface of the body being a later process, it is evi- 
dent that a proglottid may attain a certain degree of development 
without being represented by furrows on the surface. That such 
cases do actually occur was pointed out in Part I. (¢. g., Fig. 10, 
6, p. 226; Fig. 20, f, g, pp. 240-241). In Figs. 10, 4, and 20, 
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J, g&, there is a partial duplication of the reproductive organs, but 
no furrow between the two sets. Here the causes leading to 
localization of growth have not affected the outer parts of the 
body. The genital organs are always reduced in cases of this kind. 

Furthermore, it is possible that the furrow may not coincide 
perfectly with the boundaries of the proglottid in the central pa- 
renchyma. The growth in the peripheral parenchyma may be 
reduced or modified in such a manner as to change the direction 
of the furrow so that it no longer indicates the exact boundary. 
A very distinct case of this kind was shown in Fig. 38, Part II., 
at m, and discussed on page 280, and it is possible that the ob- 
lique furrow between ¢ and d in Fig. 38 is another case (p. 
283, Part II.). 

It is probable that in many cases furrows which curve anter- 
iorly or posteriorly do not correspond to the exact boundaries of 
the proglottids. Curved furrows of this kind always indicate 
incomplete development in the peripheral parenchyma, but the 
central regions may often be more perfectly developed than the 
furrows indicate. 


The preceding discussion of a few typical cases of form-varia- 
tion in the proglottids renders it sufficiently evident ‘that all of 
these variations are due to incomplete development of some part 
or parts, or of the whole proglottid. One of the two anlagen 
may be absent or may become united with the next anterior or 
posterior to it. Either or both may fail to attain full size or 
normal form. 


The inter-proglottidal furrows are the chief external indications 
of internal conditions of growth and development. But the 
structure of the genital organs in some of the imperfect proglottids 
indicates a somewhat more nearly perfect condition than that 
represented by the furrows. 

Throughout the whole series of form-variations no new 
methods of growth or proglottid-formation are indicated. All 
variations absorbed are simply failures to attain full development. 
They illustrate very clearly the independent development of each 
of the two anlagen. 

Variations in the form of the proglottids-—abnormalities—are 
extremely common in Moniezia, much more so than in most 
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Cestodes. This condition is perhaps connected in some manner 
with the fundamental structural or physiological characteristics of 
the form. 

An inquiry as to the causes of the frequency of form-variations 
in Moniezia may therefore concern itself first with the normal 
anatomy and physiology. <A few suggestions as to some of the 
possible factors concerned are made here in the hope of throwing 
some light upon this problem. First, the method of formation of 
the proglottid, its appearance in two separate parts which later 
unite, must favor to some extent the development of abnormalities, 
for a slight variation in position or time of appearance of the anlagen 
may apparently effect the extension and union of the anlagen of 
the two sides. It is not known at present whether the proglott- 
ids of all other Cestodes arise in the same manner. If in some 
the proglottids originate in a single group of cells the chances for 
abnormal development would apparently be fewer. Second, the 
form of the proglottids, the great width in proportion to the 
length favors the appearance of abnormalities. In the early 
stages the proglottids are extremely short and it is evident 
that abnormal union of right and left anlagen must occur more 
frequently than in forms with longer proglottids. Third, it is 
possible that the proglottids of Moniesia possess a lower degree 
of individuality than those of some other Cestodes, 7. ¢., that they 
are less distinct structurally and physiologically. If this is the 
case then incomplete separation may be expected to occur more 
commonly than in forms with more highly individualized pro- 
glottids. 

The frequency of form-variations differs greatly in different 
specimens. More than half of the cases shown in Parts I. and 
II. were taken from a single chain and represent only a part of 
the abnormalities present. Other specimens possess in most 
cases only a few abnormal proglottids, but nearly every specimen 
exhibits one or two. We have at present no clue to the cause 
of this difference. It is possible that age may have some influ- 
ence, the older specimens showing a tendency to incomplete 
development. Injuries to the neck-region, or the repeated tear- 
ing away of the whole body, or perhaps malnutrition, may also 
favor the appearance of abnormalities, and finally these differences 
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may be due not to age or external conditions but to an individual 
peculiarity. Some may feel inclined to regard this as a reversion 
to an ancestral condition in which the division of the body into 
regions of localized growth was less distinct and regular. 


(6) Abnormalities in the Structure of Proglottids. 


Very closely correlated with the variations in form of the 
proglottids are variations in the structure and arrangement of the 
reproductive organs. This close correlation was pointed out in 
detail in all those cases cited in Parts I. and II., in which the 
reproductive organs were developed. Some points of interest 
remain to be considered. 

The relative position in the proglottid of the various parts of 
the reproductive organs was noted in Part I. Each portion has 
a more or less definite relation to the others and to the proglottid 
as a whole. We might expect that a change in the form of the 
proglottid would be accompanied either by a modification in the 
form or arrangement of some part or parts of the reproductive 
organs, or else, in cases of more extreme variation, that some 
portions or all of the reproductive organs would be absent. As 
a matter of fact both of these possibilities are represented. 

Considering first the modifications in form and arrangement of 
the organs without loss of essential parts, we find that consider- 
able departures from the form may occur without apparently in- 
terfering with the function of the organs. Two sets of organs 
may open through a single pore (Figs. 11, 22, a, 6, Pt. I.; Figs. 
36, 6, c, 37, 6, c, Pt. II.). In such cases the direction of the 
ducts in at least one of the sets of organs is distinctly different 
from the normal direction, being more oblique. In other cases 
the ducts may run very obliquely toward the margin but without 
uniting with others (Fig. 33, ¢c’, ad’; Fig. 39, a’, Pt. II.). In 
cases of this kind the ducts may be and usually are much longer 
than the normal ducts. In other cases the organs may be nearer 
the margin than normally and the ducts are then shorter than 
normal. The vas deferens may open directly into the seminal 
receptacle as in Fig. 21, c’ (Pt. I.), or two vasa deferentia or two 
oviducts may unite (Figs. 21, a’, 40, 41). 

Reduction in size of the female organs and reduction in the 





154 CHILD. 


number of the testes frequently occurs in proglottids of less than 
normal size. 

This brief review of these cases only serves to call attention 
once more to the fact that was repeatedly pointed out in Parts L., 
and II., viz., that the form and arrangement of the reproductive 
organs may vary widely in correlation with variations in form of 
proglottid. 

In case the form-variation is extreme, however, parts of the 
reproductive organs may remain undeveloped and these parts 
may be those which are essential for the normal functioning of 
the system. The consideration of these cases leads to the very 
important conclusion that the development of each part of the 
reproductive organs shows a very close correlation with the de- 
velopment of the particular region of the proglottid in which it 
lies. This was pointed out repeatedly in Parts I. and II., and it 
is not necessary to go over all the particular cases again. 

The different conditions represented are manifold. Apparently 
any portion of the organs may fail to appear as this or that por- 
tion of the proglottid fails to develop fully. In case the dorsal 
side of the proglottid is distinct and the ventral is not, only the 
vas deferens and testes appear, these lying in the dorsal region 
of the proglottid (Figs. 16, 6’; 17, , etc., Pt. I.). If the ventral 
side only is distinct from the adjacent proglottids only the female 
organs or parts of them appear (e. g., Fig. 22, d, Pt. 1.). Ovary, 
testes, and, in some cases, the inner portions of the vas deferens 
and vagina’ may be present, but if the marginal region is dwarfed 
the middle, or terminal portions, or both, of the ducts may be 
entirely absent, or present only in part (e. g., Fig. 39, 4, Pt. II.). 
And finally, in extreme cases the reproductive organs may be 
represented only by one or two small groups of cells in the region 
where the ovary or vitellarium would appear if present (Fig. 18, 


Pt. 1.) 


It is rather common in cases of this kind to find a marginal 
pore and perhaps the cirrus present but entirely unconnected with 
the inner portions of the reproductive organs. Either the ducts 


‘In Parts I. and II. the designation ‘‘oviduct’’ was incorrectly applied to the 
whole female duct, including the vagina. Of course the oviduct proper is only a 
small portion of this. I do not think that my use of the word was such as to cause 
confusion in this particular case, but I desire to call attention to the error. 
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leading to the pore are undeveloped (Figs. 22, d, Pt. I.; 39, 4, 
Pt. II., etc.), or else they open through another pore (Fig. 21, 
a’, Pt. I.; Fig. 40, 4, Pt. IL, etc.). There is in these cases no 
indication of any morphological connection between the pore and 
any other parts that may be present, but it may be that the pres- 
ence of the internal reproductive organs favors in some manner 
the formation of a pore (though not essential). While this con- 
dition occurs so commonly, its complement, development of the 
middle portions of the ducts without a pore at their outer end 
or the internal organs at their inner end, has never been observed 
by me. Thus there is apparently a certain tendency for the 
organs in the central parenchyma and the marginal pore to ap- 
pear, even without connection, while the middle portions of the 
ducts never develop alone. In other words the central paren- 
chyma and the margin are regions of “least resistance.’’ I think 
the absence of the middle portions of the ducts in so many cases 
may be due in part to the fact that these portions traverse the 
thick muscle layers which lie between the central and peripheral 
parenchyma. The ducts, like the other portions of the organs, 
appear first as aggregations of parenchyma-nuclei in a mass of 
undifferentiated cytoplasm.. Very few or none of these nuclei 
exist in the muscle layers. Those portions of the ducts which 
penetrate the muscles appear normally somewhat later than the 
outer and inner parts, apparently because the material is less 
abundant here and probably also because the muscle-layers offer 
a certain degree of resistance to the penetration of the ducts. 
Apparently either the outer or inner portions or both grow into 
the muscle-layer and so become continuous. Now it is ex- 
tremely probable that if any tendency to incomplete develop- 
ment of the reproductive organs exists in the lateral regions it 
will show itself first in the region where material is least abun- 
dant and growth apparently most difficult, z. ¢., in that portion of 
the ducts which lies in the muscle-layers. This portion might, 
therefore, fail to appear, whereas the outer and inner parts, lying 
in regions where material is more abundant and where no special 
resistance to growth exists, probably do not require so strong a 
stimulus for their development. 

The various abnormalities in the reproductive organs afford 
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very strong evidence in favor of the view that the principal parts 
of the system develop independently. A glance over the figures 
will show that almost any portion of the organs may be present 
alone. As noted above, the middle portions of the ducts never 
appear alone and it may be that the ovary and vitellarium always 
appear together. The dependence of the middle regions of the 
ducts on other portions has been discussed. The relation of 
ovary and vitellarium is perhaps explicable on the view com- 
monly held that the vitellarium represents a modified portion of 
the ovary. The earliest stage of the reproductive organs is a 
mass of nuclei in the region where the ovary and vas deferens 
appear later. This increases in size and gradually differentiates, 
but the study of the abnormalities renders it very evident that the 
development of the portion which forms the vas deferens does 
not depend upon the development of the ovarian portion and 
vice versa, for the one portion may appear without the other, 
although both appear to differentiate from a common mass. 
Testes and vas deferens develop independently of each other, for 
testes appear in proglottids where there are no vasa deferentia 
(Fig. 39, 6; Pt. II.) and «ice versa. And finally, the pore and 
terminal portions of the ducts develop independently of the other 
organs. In the normal proglottids the group of nuclei represent- 
ing the pore, cirrus, etc., is entirely unconnected in early stages 
with the group representing the inner organs and may appear 
alone (Fig. 19, 6; Pt. I.). The connecting portions of the ducts 
appear later, as was mentioned above. 

We must conclude, therefore, that the lateral reproductive or- 
gans are formed from at least three distinct “ centers ’’ or regions 
of independent growth. These may be called the vas deferens 
region, the ovarian region, and the terminal region. There may 
be others besides these. In addition, the testes develop in the 
central parenchyma independently of each other and of the lateral 
organs. All cases of the incomplete development of the repro- 
ductive organs are to be regarded as due to the incomplete de- 
velopment or total obliteration of one or more of these regions. 

It is important to note that in all cases of partial development 
the portions of the reproductive system present show approxi- 
mately the same degree of differentiation as the corresponding 
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parts in adjacent normal proglottids, so that it is possible to 
determine in the older proglottids just what parts are represented 
in each case. Evidently then there is no great amount of retar- 
dation in development in the partial or otherwise abnormal pro- 
glottid. Organs once formed develop with the same rapidity as 
those under normal conditions. What is lacking in these abnor- 
mal proglottids is the initial stimulus or the proper condition for 
the formation of this or that portion. The structure of each ab- 
normal proglottid is as complete as possible for that particular 
form of proglottid. Organs are formed at the same time as in 
other proglottids and those organs which do not appear at the 
normal time are not formed later. There is no decrease in the 
rapidity of development, there is simply the presence or absence 
of a certain form and correspondingly the presence or absence of 
a certain structure. 

In Figs. 37-41 (Pt. II.) variations of another sort in the re- 
productive organs are shown. Figs. 37 and 38 both show cases 
of transverse duplication of portions of the reproductive organs 
on one side of the body. This abnormal condition does not find 
a satisfactory explanation in the form of the proglottid. All 
that can be said at present concerning it is that for some reason 
an extra growth-center, or perhaps more than one, is formed. 
In the two cases cited this gives rise only to female organs, in 
one case (Fig. 38, 4) to a small imperfect ovary and a few groups 
of cells representing the vitellarium, in the other (Fig. 39, ¢) to 
these organs, and, in addition, a small blind seminal receptacle. I 
have been unable to discover any clue to the causes concerned 
in the formation of these supernumerary organs. 

In Figs. 40 and 41 (Pt. II.) three cases of reversal in position of 
the lateral organs appear. In Fig. 40 the organs of the right side 
are reversed in proglottid 4, and in d those of the left side. In 
Fig. 41 another case of the same kind occurs. This peculiar 
variation is evidently correlated with the abnormal form of the 
proglottids. It is, however, difficult to understand why a rever- 
sal should occur in these cases, and not in others where condi- 
tions are closely similar. It does not seem probable that these 
variations indicate a “‘ reversal of polarity” in those parts of the 
proglottids containing them. Considerable variation in the posi- 
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tion of the organs occurs in normal proglottids. These appear 
to be extreme cases of adaptation in growth to abnormal con- 
ditions. 

The inter-proglottidal glands show numerous departures from 
the typical arrangement and these variations are very closely 
correlated with the form-variation of the proglottids. The inter- 
proglottidal glands lie along the posterior border of each pro- 
glottid just anterior to the furrow and open into the deepest part 
of the latter. They are absent near the margins of the body. 
In general the glands appear wherever even a small portion of a 
furrow extends beyond the marginal region in which they are 


never found. The glands never appear except in connection 
with a furrow, and they appear only along furrows which are 
transverse or nearlyso. In one case shown in Fig. 38 (Pt. II.) the 
furrow becomes oblique, but the glands tend to continue in a trans- 
verse row, and at the anterior end of the oblique portion lie at 
some distance from the furrow and are connected with it by long 


ducts, while at the posterior end one gland lies posterior to the 
furrow instead of in its normal position anterior to it. With 
respect to this case the suggestion was made on page 283, Part 
II., that the rows of glands may coincide with the proglottidal 
boundaries while the oblique portion of the furrow does not. 
The glands tend to form along the boundaries but apparently do 
not form at all unless a furrow is present. 

The numerous variations which have formed the subject of this 
paper have demonstrated very clearly the close relation between 
form and structure. It remains for us to consider whether the 
variations in structure are the result of the form-variations or 
whether some common cause underlies both. 

The organs of the proglottid appear considerably later than 
the proglottid itself. If variations in their form and arrangement 
are due to the same causes as the variations in form of the pro- 
glottid, these causes must be active after the formation of the 
proglottid and must affect the development of the organ in such 
a way as to cause an apparent adaptation to the form of pro- 
glottid. 

The natural and obvious conclusion is, I think, that the devel- 
opment of the proglottidal organs must depend upon the devel- 
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opment of those regions of the proglottid in which they lie. 
Reduction of any given region means reduction in amount of 
material and in space, and the organs which develop in this 
region must be affected. The organs of the normal proglottid 
are the only organs possible under the given conditions of form, 
size, etc. Change in the conditions must produce alterations in 
the organs. The correlation between form and structure as 
shown in the variations is so close that, given a proglottid of a 
certain form, it would be possible to predict with a considerable 
degree of accuracy in most cases what the condition and general 
arrangement of the organs would be. It is scarcely necessary 
to seek for a common cause for this correlation of form and struc- 
ture. I think it is sufficiently clear that the variations in form of 
the proglottids are the cause of the variations in structure and 
arrangement of the proglottidal organs. 


Hutt. ZOOLOGICAL LABORATORY, 
UNIVERSITY OF CHICAGO, March, Ig01 
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DESCRIPTIONS OF FIGURES. 

Fic. 42. Transverse section through the neck near scolex. 

Fic. 43. Transverse section from middle of neck region. 

Fic. 44. Frontal section through anterior part of neck. 

Fic. 45. Sagittal section near median line from near middle of neck region 

Fic. 46. Diagram indicating the levels from which various figures were taken. 
[he numbers correspond with the numbers of the figures. 

Fic. 47. Neck, in toto, near scolex. 

Fic. 48. Neck, in toto, near middle, 

Fic. 49. Neck, in toto; formation of proglottids beginning. 

Fic. 50. Neck, in toto; proglottids distinct in central parenchyma. 

Fic. 51. Neck, in toto; proglottid-formation extending to peripheral parenchyma. 

Fic. 52. Neck, in toto; inter-proglottidal furrows distinct. 

Fic. 53. Diagrammatic transverse section through neck, indicating the planes of 
the sections shown in various figures. The numbers correspond with the numbers of 
the figures. 

Fic. 54. Diagram of a portion of the neck-region, indicating the planes of cer 
tain sections. 

Fic. 55. Section (nearly sagittal) through one side of posterior part of neck. 

Fic. 56. Section (nearly sagittal) through one side of posterior part of neck. 

Fic. 57. Frontal section, showing early stages in proglottid-formation, The 
dotted lines enclose an abnormality. 

Fic. 58. Sagittal section of a stage in which the inter-proglottidal furrows first 
become visible. 

Fic. 59. Frontal section, showing one side of young proglottids. 

Fics. 60-70. Surface-views and sagittal sections of proglottids of various ages, 
showing the relative increase in size of different regions. 

Fic. 71. Sagittal section, showing an early stage in the formation or the posterior 
proglottidal folds. 

Fic. 


Reproduction of Fig, 26 ; a simple form of spiral abnormality 


Fic. 
form. 


7 

Fic. 7 Reproduction of Fig. 36; a spiral series. 
7 &- 3 
7 


Reproduction of Fig. 37. Incomplete development approaching spiral 





THE TOPOGRAPHY OF ORGANS IN TYPICAL SEG- 
MENTS OF HIRUDO. 


BENNET M. ALLEN. 


I wish, first of all, to acknowledge my indebtedness to Prof. 
C. O. Whitman for the incentive to this work, and for mych kindly 
assistance. The work was begun in the hope that it might throw 
some light upon the question of the limits of the somite in the 
leeches. No attempt will be made to discuss this question. I 
shall merely endeavor to describe the position of organs in rela- 
tion to the annuli, in the hope that this may be of some assistance 
to future workers in the field of metamerism. 

The 15th, 16th, and 17th segments were taken as typical in 
this species (Hirudo medicinalis), These segments are in that 
region of the body where the original position of parts has been 
least modified by displacement, fusion or otherwise. 

Gross dissections were first carefully studied, and then the more 
exact location of organs was determined from a study of thick 
sections, both longitudinal and sagittal. The leeches were killed 
in about 0.05 of one per cent. solution of chromic acid, in which 


they died in an expanded condition. Immediately after opening 
them by a dorsal median cut through the body-wall, the latter 


was pinned back on each side, or else two lateral cuts were made 
and the entire dorsal portion of the body-wall removed. In the 
latter case one could better observe the relation of the organs to 
the sensory ring which had been previously notched at each side. 
In preparations intended to show merely the alimentary canal, 
the blood, which is usually found to distend it, served, when 
hardened by the reagents used, to keep the canal distended and 
thus to preserve its shape. 

In case organs lying below the alimentary canal, such as nerve 
cord, testes, etc., were to be studied, the canal was at once 
opened dorsally and the blood washed out. The preparation 
was then kept for a few hours in water, and the organs to be 
studied were exposed by the removal of connective tissue. 
Extreme care was necessary in order that the organs should not 
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be displaced by this work of dissection. Preparations were pre- 


served in formalin or alcohol. 

The material to be sectioned was hardened in 3 per cent. 
chromic acid for a day or two, and after the usual washing and 
dehydrating, cleared in xylol and embedded in soft paraffine. 
Very thick sections were cut, cleared in xylol and mounted 
serially in Canada balsam. They were studied under a dissecting 
microscope with fairly high power lens. The relation of particu- 
lar organs to the limits of the rings was carefully estimated by 
placing under the slide a piece of thin paper with straight ink- 
marks across it. 

There was considerable variation in the position of the nerve 
ganglion with reference to the sensory ring of the somite to 
which it belonged. From a table of measurements I selected 
the specimen which showed an average position of the ganglia. 
The three ganglia in this specimen (K) all projected beyond the 
anterior limit of the sensory ring to which they belonged, and 
lay largely in the fifth ring of the preceding somite. The propor- 
tion thus found in front of the limit of the somite was 0.7 in the 
case of the ganglion of the sixteenth ; 0.8 for that of the seven- 
teenth; and likewise 0.8 for the ganglion of the eighteenth 
somite. The observations extended over a series of thirteen 
specimens. The measurements, similarly taken in all specimens, 
were as follows : 

Somite. 
A 
B 
co 
E 
F 
G 


Norr.—No. 1.0 indicates that the ganglion in question lies 
wholly within the fifth ring of the preceding somite ; a decimal 
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fraction shows the proportion of the length of the ganglion lying 
within it; while a figure like 1.5 shows that the posterior part of 
the ganglion lies 0.5 of its total length in front of the limit be- 
tween the sensory ring and the fifth ring of the preceding somite. 

By means of the sections the position of the ganglia and the 
prominent constriction of the alimentary tract (C) was in each case 
determined. For the position of the other organs, I relied upon 
a study of the gross dissections. 


oe, re 


XY 5 


tt He) 


Segments of XV, XVI and XVII of Airudo medicinalis (> 12). 
The outline of the alimentary tract is shown by the heavy line on the right side of 
the plate. Structures underlying other organs are shown by broken lines. Organs 


or parts of organs lying beneath portions shown by broken lines, are represented by 
dotted lines. 


n, nephridium; #f, nephropore; /, testis; g, ganglion; c¢, constriction of ali- 
mentary tract; v, nephridial vesicle; vd, vas deferens; /v, lateral vessel. 


The results can be best studied by referring to the accom- 
panying plate. In the region presented by it, the alimentary 
tract consists of a rather narrow tube with two pairs of out- 
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growths in each somite. Attention may first be called to the 
place marked (C). This is a very pronounced constriction 
occurring similarly in each of the somites studied. It is far more 
marked than the other constrictions in the somite. This prob- 
ably marks the primitive metameric limits of the alimentary tract. 
This is merely a suggestion, as a study of the embryology of this 
form would be necessary, before a definite statement could be 
made in regard to this point. The more prominent of the two 
sets of pouches are those opening into the alimentary tract at the 
posterior end of each somite. The testes (7) are situated chiefly 
in the second and third rings, their ends projecting slightly into 
the adjoining rings. The vas deferens connecting them is shown 
only on the right-hand side of the drawing. 

The nephridia, shown on the left-hand side of the drawing, are 
much coiled, extending from the nephrostome at the tip of the 
testis lobe in the front part of the second ring, to the end of the 
duct by which the nephridial vesicle opens to the exterior 
through the nephropore. This nephridial vesicle lies in the fifth 


ring of the somite to which it belongs and the sensory, or first 


ring of the somite immediately posterior. It projects slightly 


beyond each of the two rings named. The nephropore is situ- 
ated in the extreme posterior part of the fifth ring. 
Hutt Zo6LocicaAL LABORATORY, 
UNIVERSITY OF CHICAGO, 





ARTIFICIAL PRODUCTION OF SPORES IN 
MONAS BY A REDUCTION OF THE 
TEMPERATURE. 


ARTHUR WHITE GREELEY (From THE HULL PHYSIOLOGICAL LABORATORY 
OF THE UNIVERSITY OF CHICAGO), 


The processes of reproduction among the Protozoa present 
many interesting problems from the physiological point of view. 


Aside from the so-called sexual reproduction, which is always 


preceded by the conjugation of two similar or slightly differen- 
tiated individuals, there exist many forms of asexual reproduc- 
tion, varying from the simple division of the parent organism into 
two, or in some cases as many as eight, daughter cells, to the 
more complicated processes of encystment and spore formation. 
The processes of encystment and spore formation may be pre- 
ceded by conjugation, but in most cases they are simply a 
direct transformation of the motile organism into a resting form. 
Surprisingly little is known about the physical and chemical con- 
ditions which determine the transformation of Protozoa into cysts 
and spores. 

It has generally been observed that when a pond, in which the 
organisms live, begins to dry out, cysts are formed. This fact 
caused Rhumbler and Cienkowsky' to undertake a series of ex- 
periments. They kept cultures of Infusoria in small, loosely 
covered dishes, and allowed the water to gradually evaporate. 
Before the evaporation had become complete, all the Infusoria 
had formed cysts. Doflein’? has repeated these experiments and 
has confirmed the results of Rhumbier and Cienkowsky. He 
found that after a long-continued evaporation of water the cysts 
would further break up into many small spores, thus proving 
that the processes of encystment and spore formation are iden- 
tical. Other investigators attributed this encystment to a lack of 
oxygen, rather than to the evaporation of the water. Maupas* 


'Cienkowsky, Archiv. fiir Mikroscopische Anatomie, 1866, I., p. 203. 
2Doflein, Archiv fiir Protistenkunde, 1902, I. 
3Maupas, Archives de Zoblogie Experimentale, 1888, V1., p. 165- 
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has kept cultures of various Infusoria for long periods of time, 
and has found that some of the carnivorous forms, notably Oxy- 
trichia, form cysts after they have been deprived of food. Hert- 
wig' has observed that the same fact holds good for Actino- 
spherium. In the same series of experiments he found, however, 
that the consumption of an excess of food may cause encystment 
as well as starvation. Other cases are on record also in which 
various carnivorous Infusoria have been seen to encyst after en- 
gulfing a large amount of food. Klebs,* in a large number of ex- 


periments on fresh water Alga, has observed that in Vawcheria 


zoospores are formed when the filaments are transferred from 


the light to the dark. Klebs reared Vaucheria in the following 


solution, used at concentrations of from 0.1 to 0.4 per cent.: — 
Ca(NO,),, 4 parts; MgSO,, 1 part; KNO,, 1 part; K,HPO,, 1 
part ; and found that when the filaments were transferred from 
this solution to distilled water, irrespective of light or dark, 
zoospores were formed. He also succeeded in producing par- 
thenogenetic spores in Sfiregyra by plasmolyzing the cells with 
a sugar solution. Klebs makes the general statement that the 
formation of zoospores in Vaucheria is aided by lowering the 
temperature, but made no experiments to show that a lowering 
of the temperature itself will actually cause tle plant to form 
spores. He apparently had in mind only the limits of tempera- 
ture at which spore formation may take place, when the process 
:$ initiated by other means. Beyond these observations, which 
are rather inconclusive as far as the Protozoa are concerned, 
nothing is known about the conditions which determine encyst- 
ment or spore formation. 

Dr. Loeb suggested that I take up the problem of asexual re- 
production from an experimental point of view. Many authors 
had noticed that the mode of reproduction changes in certain 
aquatic animals or Protozoa when the pond in which they live 
begins to dry out. But the question was, how can the lack of 
water in a pond interfere with the mode of reproduction? Dr. 
Loeb's idea was that the real physical factor at work in this case 

1 Hertwig, Sitzungberichte der Gesellschaft fiir Morphologie und Physiologie in 
Miinchen, 1899. 
2Klebs, Die Bedingungen der Fortpflanzung bei ginigen Algen und Pilzen, Jena, 
1896. 
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was the rapid or extensive changes of temperature. As long as 
the bulk of water in a pond is large, the daily changes of the 
temperature of the air will only cause a slow or slight variation 
in the temperature of the pond. But where the bulk of water is 
small, the temperature of the latter will follow rapid changes in 
the temperature of the air more rapidly and completely. In 
order to test this idea, he suggested that 1 try whether or not, 
through sudden changes of temperature, organisms might be 
caused at any time to reproduce asexually instead of sexually. 
The experiments were first performed on Sfentor with the results 
already described in a previous paper.’ It was found in these 
experiments that by lowering the temperature the animal would 
go into a resting stage, which in appearance resembled a cyst; 
but in no case did I obtain spores. These results could not be 
obtained by raising the temperature. 


During the past year the low temperature experiments have 
been continued on several other Protozoa, and in all of them 
structural changes similar to those already described for Stentor 
have been obtained. But in one form, Monas, our original pur- 


pose has been carried out, namely, the artificial production of 
spores by means of variations in the temperature. 

Monas is a small flagellated Infusorian, of an exceedingly sim- 
ple structure, and occasionally appears in great numbers in 
cultures that have been prepared for Paramacia. It can be easily 
maintained in the laboratory in great quantities by adding to the 
culture from time to time a little bread, upon which the Monads 


Fic. 1. The adult A/onas. 


thrive surprisingly. In all the experiments the Monads were 
isolated in small covered dishes, and the supply of water kept 
constant by frequent renewal from the aquaria in which the 
animals had been reared. The temperature was lowered to the 
desired point by placing the dishes in a refrigerator in which con- 


‘Greeley, American Journal of Physiology, 1901, VI., p. 122 


22. 
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stant temperatures, ranging from 1° to 10° C., could be main- 
tained. For each low temperature experiment, a control experi- 
ment was performed at the temperature of the room, and great 
care was taken that all the conditions, with the exception of 
temperature, might be identical in the two cases. 

Monas is more sensitive to changes 
in the temperature than any of the 
other Protozoa experimented with. 
Within a few hours after the temper- 
ature has been lowered to 4° C. all 
the Monads in a dish settle to the 
bottom, and cease their progressive 
movement. At same time the cell 
gradually becomes spherical, the fla- 
gellum and mouth opening disappear, 

. 2. A resting cell of M/onas, and there is formed a resting cell like 
formed by an exposure toa tem- those already described in the experi- 


perature of 4° C. during six hours. . oe . 
ments upon Sfentor. These resting 


cells can be kept at a temperature of 4° to 6° C. indefinitely, 


and will withstand partial desiccation without losing their power 
to revert to the normal J/onas form when they are removed to 
the temperature of the room. This 
reversion to the motile form takes 
place within twenty-four hours after 
the room temperature has_ been 
reached. The flagellum first makes 
its appearance, and the cells be- 
come motile while still in the spher- 
ical conpition. They soon, how- 
ever, assume the normal elongated 
form of the adult Jonas. 
If these resting cells of Monas Fic. 3. The formation of spores 
which have been formed at a tem- Within the resting cell, after an ex- 
posure to a temperature of I~ C. for 


perature of 4° to 6° C., instead five days. 


of being returned to the temper- 
ature of the room, be placed on ice at a temperature of 1° 
C. further structural changes take place as a result of this ex- 


treme lowering of the temperature. After remaining at a tem- 
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perature of 1° 


C. for five to seven days, the protoplasmic 
contents of the resting cells break up into small spherical spores, 
from two or three to twenty-five in each cell. In most cases 
these spores are discharged from the resting cells as soon as they 
are formed. They have thick cell walls and are non-motile. 
They may be kept indefinitely at any temperature below 8° C. 
and withstand desiccation perfectly. 

When the spores are removed to the temperature of the room 
and isolated in small closed cells under the microscope their de- 
velopment into the motile Monad can be easily followed. The 
first attempts to demonstrate the development of the spores 
failed in several instances because of a lack of oxygen in the 
closed cells in which the spores were isolated, due to the 


presence of motile Monads which originated from resting cells 
isolated with the spores. But finally, at Dr. Loeb’s suggestion, 
some fresh-water algze were mixed with the spores as soon as 
they were returned to the temperature of the room. In this way 


a supply of oxygen was maintained, and the development of the 
spores began at once. The first change that can be observed is 
the appearance of a thin layer of protoplasm which grows out 
of the spore. This protoplasmic layer develops into a small 


spherical cell, which gradually becomes separated from the 


Fic. 4. Four stages in the development of the spore into the motile A/onas. 


spores. The cell at first is hardly visible because of the extreme 
transparency of its protoplasm, but it eventually becomes 
granular and develops a flagellum, which appears to originate 
as a long pseudopod extending outward from the protoplasm. 
The Monad formed in this way finally becomes motile and 
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swims away, leaving the empty spore behind. In some cases 
the spores are not discharged from the resting cell as soon 
as they are formed, but develope within its walls, so that it 
is possible to find spores in all stages of development, even the 
young Monads, within the old rest- 
ing cell. The development of the 
spores usually occupies from two 
to four days, although in some cases 
it may be delayed for a mcuh longer 
time. The Monads formed from the 
spores are at first spherical, and swim 
about with the characteristic revolv- 
ing movement of this species of Mo- 
nas. The cells rapidly become elon- 


Fic. 5. Young Monads devel- gated, however, and within a short 


oped from the spores withinthe old |. Pe . . 
cell wall of the resting cell. time are indistinguishable in all re- 
spects from the adult organism. 

A few typical experiments will be briefly described, as fol- 
lows :— 

Experiment [,—QOn April 11 a culture of JMZonas was placed 
in the refrigerator at a temperature of 1° to 4°C. The next day 
examination showed that all the Monads had formed spherical 
resting cells. Some of these were removed to the temperature 
of the room, and they immediately developed into the motile 
form. On April 24 many of the resting cells had broken up 
into spores. A small number of these resting cells and spores 
were isolated under the microscope. The resting cells imme- 
diately developed into the motile Monads as before. On April 
26 a few of the spores had formed small Monads, but the de- 


velopment did not go very far because of a lack of oxygen in the 


closed cells which contained the spores. 

Experiment [/.—QOn April 18 a culture of Monas was put 
on ice at a temperature of 1° C. On May 3 the culture was 
removed to a temperature of 6° C. A large number of spores 
had been formed, a large proportion of them remaining within 
the resting cells. On May 6 many of the spores had devel- 
oped into young Monads. A large number of the Monads were 
found swimming about within the walls of the resting cells. 
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Experiment [T1,—On May 14 a culture of Jonas was placed 
on ice at a temperature of 1° C. On May 22 a large number 
of the resting cells and spores were removed to the room tem- 
perature and isolated under the microscope in closed cells that 
contained fresh-water algw. Development of the spores com- 
menced at once, and on May 25 they had reached the motile 
Monad form. 

SUMMARY. 

1. In Jonas a reduction of the temperature brings about cer- 
tain structural changes within the cell, that result in the formation 
of many small spores, each of which has the power of reproduc- 
ing the organism. 

2. It is thus possible by means of variations in the temperature 
to control the methods of reproduction in Monas. Ata tem- 


perature of 20° C. Monas multiplies sexually and by simple fis- 


sion. At atemperature of 1° to 4° C. reproduction by asexual 


spores takes place. 





DEGENERATION PHENOMENA IN THE 
LARVAE OF GONIONEMA. 


HENRY FARNHAM PERKINS. 


Every student of invertebrate embryology has experienced the 
difficulty of rearing eggs and larvz of marine animals with a view 
to determining the stages in the life-history of the species. One 
of the chief contingencies to be encountered is that which arises 
from the necessity of supplying an artificial environment which 
approaches closely enough to the natural conditions to permit the 
creatures to live and thrive in captivity, and to develop normally. 
In the effort to secure these favorable conditions many failures 
are to be expected, and it frequently happens that remarkable 
monstrosities are produced by some untoward condition which 
can frequently be only guessed at.. Interesting and significant ten- 
dencies are sometimes to be traced in these abnormal forms, and 
light is thrown upon the normal constitution of the tissues and 
their power of assuming a variety of forms. 

The transforming and regenerative power which is displayed 
by ccelenterate tissues has been adequately demonstrated by in- 
vestigators in various orders. Among the hydroids, several in- 
stances have been recorded in which the soft parts of the colonies 
exhibit amoebiform activity. In Hydra, when live specimens are 
mounted in water under a cover-glass, so that the tentacles are 
in contact with the glass, their tips are frequently seen to become 
spread out in a smear against the glass, and flowing movement is 
observable in the protoplasmic tissue-layers. It may be added 
that the same activity occurs in the tips of the tentacles in the 
Hydra-like polyps of Gontonema, which furnish the data for the 
present paper. 

In Plumularia cristata the soft internal substance of the colony, 
the sarcode, flows out of the vase-like nematophores which are 
borne upon the ramuli of the zooids, and after being protruded 


for a short distance send out long filamentous pseudopodia 
these frequently branch and anastomose, like the pseudopodia of 


the amoeba. The processes are afterwards withdrawn again into 
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the nematophores. An account of this process was first given 
by Allman.! 

In the germ-plasm and ovarian eggs of certain members of the 
Hydrozoa, Cunina for example, amcebiform activities commonly 
occur. Metschnikoff? has described and figured many of 
these. 

It will be remarked that these instances of amcebiform activi- 
ties are all limited to portions of the individuals or to the earliest 
stages of unfertilized eggs. Dr. Loeb* found in Campanularia 
that when parts of a colony were brought in contact with a solid 
object such as the bottom of a dish the hydranths in that part 
degenerated and the zooids were changed into soft flowing pro- 
toplasm. The entire individual was involved in this change. 
The epiderm of the hydranths affected was left quite empty of 
sarcode, this being used in formation of stolons at other points 
of the colony. 

The condition in Goxtonema, also is one of complete modifica- 
tion. The animal undergoes a decided change, losing its char- 
acteristic shape and appearance, and becoming transformed into 
a simple multinucleate plasmodium which sometimes exhibits 
amceboid movements. 

The simplest case of this manifestation of the amaeba-like char- 
acter of the tissues appears in the tendency to fusion, seen in the 
young polyps of Gontonema. This takes place in the hydra-like 
larve which develop from the free-swimming planule; these 
latter have a way of settling down in clusters on the bottom of 


the vessel in which they were reared, and it is a common thing to 


see two or three of these larvze quite fused together at the base, 
so that they appear to be double- or triple-headed monsters. 
While such larva frequently live for some time, I have never 
happened to see any in an advanced stage of growth; it is pos- 
sible that the condition is degenerative, and that it is the result 
of defective oxidation. 

1 Allman, J. G., 1884., ‘* Amceboid Protoplasm in Hydroida,’’ Ann. and Mag. 
Nat. Hist., 3 13. 

2 Metschnikoff, E., 1874, ‘*‘ Embryologische Studien,’’ p. 110. 
amoeboid cells. 


’Loeb, Jacques, ‘‘On the Transformation and Regeneration of Organs.’’ Am. 
Jour. Physiology, June, 1900 
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A degenerate condition which is by far more striking and 
significant was observed in the case of individual polyps, 
which underwent fundamental changes of a remarkable char- 
acter. The polyps in which these phenomena appeared were 
reared in the laboratory from eggs laid in August, Ig01, at 
Woods Holl. Several lots of larva were reared in aquarium 
jars, some living for several months, others dying and quickly 
vanishing after a few weeks. Only one jar of larva exhibited 
the peculiar forms which are described in this paper. In all 
the jars, as nearly as possible, the natural conditions of the 
larve were imitated by keeping fresh algze, ulva, diatoms, etc., in 
the water with the creatures. Some of the jars of polyps were 
left at Woods Holl for three months, and then forwarded to the 
zoological laboratory at Baltimore. These were found to con- 
tain healthy larva, which remained alive until February. But 
one of the jars, instead of remaining at Woods Holl for the 
balance of the summer, was taken directly to the laboratory, and 
the contents were frequently examined. About the first of 
October, the amceba-like forms were first seen. For some time 
no attention was paid to them, as they were simply taken for 
amcebe which had been introduced with the sea water. But it 
Was soon seen that the number of healthy polyps was rapidly 
diminishing, while the supposed amcebz were becoming sur- 
prisingly numerous. More careful attention was then paid to the 
creatures, and it was discovered that the polyps were undergoing 
remarkable changes. Single individuals were noted from time 
to time, and observed to contract, first losing the AWydra-like 
aspect, the tentacles being completely retracted. The upright 
body of the polyp then settled down upon the glass, and all 
semblance of its natural shape was completely lost. Moreover, 
the differentiation between ectoderm and endoderm could no 
longer be discerned, except dimly in a few instances (v7, Fig. 4). 
The cell-walls lost their distinctness and soon disappeared. In 
this remarkable way the originally vigorous hydra, standing up- 
right with mouth gaping and tentacles widely extended, became 
quickly degenerated into a shapeless mass of substance without 
organs, only sluggishly motile, without discernible cell-bound- 
aries or tissue layers, in short, an organism which was hardly 


more than a plasmodium. 












DEGENERATION IN THE LARV-E OF GONIONEMA. 175 


In this condition the tissue of the creature was yellowish and 
translucent, with many inclusions of various sizes and shapes. 
The nuclei of the polyp were permanently visible, scattered 
unevenly through the substance. Vacuoles of varying size oc- 
curred in most cases, and a large number of foreign objects, 
such as bits of diatoms and disintegrating vegetable matter, par- 
ticles of sand, etc., lay in the protoplasmic matrix. 

This plasmodium showed most remarkable ability to move 
and change its form. From a regular mass of protoplasmic 
tissue long pseudopodia-like processes were seen to push out 
into the water or along the bottom. The creature had the power 
of flowing about on the bottom like an amceba, and its changes 





of form were sufficiently rapid to be readily noticeable. No 
definite type of form could be discovered, the changes being 
apparently endless in diversity. Several figures are given to 
show some of the forms which appeared in the course of my 
observations ; these are merely typical, and do not represent a 
tithe of the peculiar appearances which came to my notice. All 
the shapes shown in the figures were such as single individuals 
were frequently seen to go through within a couple of hours’ 
time. 

Starting, perhaps, as a spheroidal mass adhering to the bottom 
by a broad, sole-like surface (Fig. 1), in which condition the crea- 
ture may have been resting motionless for some time, the form 
was suddenly seen to show signs of life, and to elongate verti- 
cally, so as to send upward into the water a columnar process 
(Fig. 2). This grew rapidly more slender at the base while the 


free end enlarged into an irregular bolt (Fig. 3). Usually the 
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surface of the larva was seen to be covered with a number of 
thorn-like points, which were evidently the ectodermal cnidocils of 


the polyp (Fig. 1). There was no sign of the nematocysts, these 


FiG. 2. 


having disappeared early in the degeneration of the tissues. The 
permanence of the cnidocils is an interesting point in the degen- 


erative changes through which these larva were seen to pass. 


It gives a suggestion of the degree to which the tissue is stiffened 


and specialized to form these trigger-organs. [From time to time 
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the outlines of the degenerated polyps, as seen in profile against 
the light, appeared smooth and devoid of cnidocils (Figs. 3 and 
5.) But these same individuals soon changed their position in 
such a way as to display the full battery of trigger-organs, show- 
ing that the reason for the temporary disappearance was the 
flowing of the soft tissues, which caused the cnidocils to be 
engulfed in the substance, from which they were afterwards 
pushed outwards again to the surface. In the ball at the ex- 
tremity of the columnar prolongation shown in Fig. 3 the 
cnidocils had temporarily disappeared, but with the subsequent 
changes of this individual they soon became visible again and 
remained so for a long time. 


The rod of tissue connecting this 
ball with the basal portion of the polyp became longer and more 


slender, and the mass at the tip assumed a more nearly spherical 


contour, as in Fig. 4. Following this appearance a change 


took place which was frequently manifested by the degenerating 
creatures and which ultimately brought about their disinte- 
gration. The ball at the tip of the rod-like process became 
constricted off and fell to the ground, there to undergo the 
same series of changes which characterized the previous history 
of the complete individual. The basal portion of the polyp, with 
the neck of tissue projecting from one part, became retracted into 
amore regular mass, and went on with its flowing movements 
and protrusion of pseudopodium-like processes. At first it was 
closely applied to the glass, and flattened at the edges (Fig. 5). 
It soon changed into the form shown in Fig. 6, which was the 
most common of all, and which was at first mistaken for an 
amoeba. As the creatures moved slowly along the bottom, 
any minute particles of matter, organic or inorganic, which came 
in their path were engulfed by the protoplasm, and remained 
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there until ejected by the subsequent movement of the animal. 
It was not possible to determine whether these particles furnished 
any nutriment, but the long-continued activity of the degenerated 


polyps seemed to indicate their ability to absorb some food. 
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FIG. 5 


As the plasmodium crept along over the bottom it left in its 
wake a trail of particles which it had egested or which had 


become detached from the substance of the protoplasm itself. 


A form which was noticeable both for its remarkable appear- 
ance and its frequent occurrence is represented by Fig. 7. This 
was derived, in a comparatively short time, from such a form as 
that of Fig. 6, a long filamentous process being sent upwards 


into the water, free from the bottom. Along this process the 
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substance of the main mass flowed out gradually until it had 
accumulated as a spherical knob at its extremity. On the surface 
of this knob the cnidocils protruded in all directions. A second 
filamentous rod of tissue was projected from another portion of 
the mass, and a similar flowing movement of the substance 
resulted in another knob. This waving object then proceeded 


to crawl slowly over the bottom, the basal portion only exhibit- 
ing activity, and that the simplest. This form was frequently 
present in the dishes, as many as half a dozen specimens, more 
or less like Fig. 7, sometimes occurring within an area of not 
more than four square millimeters. By the constriction of the 
connecting rod at a point near the ball at its extremity, this latter 
mass was detached from the rest of the object, and settling down 


on the bottom began to move about in the characteristic way 


The remaining stock of protoplasm, seen on the right in the 
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figure, shortened and shrivelled (Fig. 7). This form arises with- 


out the slightest traceable connection with the polyp-form, and 
its appearance seems entirely fortuitous. It is hard to see why 
it should be so common. 

The plasmodium-like larvz remained alive for nearly two 
months, showing the various forms and movements described. 
The repeated fission of the individuals resulted in such diminution 
of the size of the pieces which came from the original individuals 
that after a time it was impossible to distinguish the bits of living 
matter from the other particles lying about on the bottom. But 
during the entire time in which it was possible to recognize the 
pieces of degenerating larva, by the evident ccelenterate char- 
acteristics, the sum total of this substance did not seem to be at 
all diminishing. It is impossible to assign any satisfactory 
explanation to the phenomena, but it is not unlikely that the 
condition of the water in this particular aquarium-jar was 
peculiar, owing, perhaps, to evaporation which increased the 
density, or to the introduction, inadvertently, of some chemical. 

While it is not possible to explain the phenomena here de- 
scribed, or to determine their significance, the facts are stated in 
the hope that they may call forth other facts which may have a 
bearing on the same subject. It would be most interesting to 
discover whether such degenerative conditions occur in any other 
ceelenterates ; whether they are brought about by any specific 
external circumstances; and whether creatures which have 
assumed this condition are capable of resuming their normal form. 

JOHNS HOPKINS UNIVERSITY, 
June, 1902. 














